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Abstract 
With increasing emphasis being placed on optimising the operation of the existing road 
network and additional pressure on funding, transport agencies are moving towards system 
engineering and asset management techniques to make more informed and uniform 
decisions across their networks. Infrastructure capital and maintenance systems are 
relatively mature, but for new technology such as Intelligent Transport Systems (ITS) and 
traffic operation services, information and procedures to make decisions are not as 
advanced. ITS and traffic operation services are deployed to enhance the operations of the 
road network and can include devices, communications, software, policies, guidelines and 
processes. In some instances ITS and traffic operation services can offer more cost-
effective solutions to transport and traffic problems than traditional infrastructure 
solutions, and therefore must be considered in into strategic decision-making. To ensure 
funding is directed to maximise community and agency objectives, a strategic, quantitative 
evaluation framework to prioritise traffic operation and ITS investment according to need 
and performance is necessary. The analytical framework must take into account traffic 
performance and customer and agency needs to inform realistic and affordable traffic 
operations and incident management intervention decisions. This research is aimed at 
reviewing existing systems, and developing and testing the essence of such a framework to 
suit a case study system. The literature review and a draft multi-criteria analysis framework 
will be presented at the conference. 
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1.  INTRODUCTION 
As the population increases and expands in developing countries, more pressure is placed 
on resources and on our road network.  To combat this, governments are shifting their 
focus from building more capacity to enhancing the traffic flow on the existing network. 
Intelligent Transport Systems (ITS) and traffic operation services are deployed to help 
achieve this. ITS can include traffic control, information and incident management 
systems, while traffic operation services are policies, practices, devices and 
communication systems applied to the transportation sector. When compared to more 
traditional methods of road construction and maintenance, the development in this area of 
transport engineering is relatively recent. In most organisations, the consideration of ITS 
and traffic operation service options is not yet a routine part of transport planning. The 
majority of planning is ad hoc and asset management tools are not as advanced as 
traditional infrastructure project options. 
 
Austroads defines ITS as the “application of modern computer and communication 
technologies to transport problems” (Austroads, 2003). Deployments of ITS can improve 
traveller safety, improve traveller mobility, improve system efficiency, increase 
productivity for transportation providers, conserve energy and protect the environment 
(Mitretek Systems, 2003). Austroads (2003) provides a comprehensive summary of 
potential ITS benefits and objectives for each technology application, as demonstrated in 
Table 1-1 below. 
 
Table 1-1 Objective or benefit categories for ITS 
Generalised Technology Applications Benefits (Objectives) 
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Road User Costs Saved 
1. Congestion a a a a a a a a  a a a  a 
2. Crashes/Accidents a a a a  a a   a a a  a 
3. Travel Time a a a a a a a a  a a a  a 
4. VOC a a a a a a a a  a a a  a 
Public Transport User 
Costs Saved 
5. User Costs a a a a a   a a     a 
6. Provider Costs a a a a a   a a     a 
Environmental Costs 
7. Air Pollution a a a  a a a      a a 
8. Noise a a a  a a a      a a 
9. Other Environmental a a a  a a a      a a 
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Generalised Technology Applications Benefits (Objectives) 
1.
 
A
dv
an
ce
d 
Tr
af
fic
 C
on
tro
l 
(A
TC
) 
2.
 
R
ou
te
 (I
n-
V
eh
ic
le
) G
ui
da
nc
e 
(R
O
G
) 
3.
 
D
riv
er
 In
fo
rm
at
io
n 
(D
IS
) 
4.
 
In
ci
de
nt
 M
an
ag
em
en
t (
IM
) 
5.
 
El
ec
tro
ni
c 
To
ll 
C
ol
le
ct
io
n 
(E
TC
) 
6.
 
A
ut
om
at
ic
 (I
n)
 V
eh
ic
le
 C
on
tro
l 
(A
V
C)
 
7.
 
V
eh
ic
le
 E
ng
in
e 
an
d 
Su
sp
en
si
on
 
Te
ch
no
lo
gy
 (E
ST
) 
8.
 
Pu
bl
ic
 T
ra
ns
po
rt 
In
fo
rm
at
io
n 
(P
TI
) 
9.
 
Pu
bl
ic
 T
ra
ns
po
rt 
M
an
ag
em
en
t 
(P
TM
) 
10
. 
R
oa
d 
Sa
fe
ty
 E
nh
an
ce
m
en
t 
(R
SE
) 
11
. 
Se
cu
rit
y 
an
d 
Em
er
ge
nc
y 
Se
rv
ic
e 
(S
E)
 
12
. 
Fr
ei
gh
t M
an
ag
em
en
t S
ys
te
m
s 
(F
M
S)
 
13
. 
En
vi
ro
nm
en
ta
l a
nd
 P
ol
lu
tio
n 
M
on
ito
rin
g 
(E
PM
) 
14
. 
Te
le
co
m
m
un
ic
at
io
n 
A
pp
lic
at
io
ns
 (T
EL
) 
15
. 
O
th
er
 
Government/ Provider 
Costs Saved or 
Revenue Generated 
10. Transport (Road) 
Management Costs a   a a     a a   a 
11. Road/Bridge/Parking 
Use Revenue 
Generation a  a  a   a a     a 
12. PT Costs     a   a a     a 
13. PT Revenue     a   a a     a 
14. Parking costs   a           a 
15. Road infrastructure 
costs a a a  a a        a 
Freight Costs Saved 
16. On road costs a a a a a a a   a a a  a 
17. Off-Road Efficiency a a a a a a a   a a a  a 
 
18. Other As appropriate  
 
Table 1-1 can act as a checklist for ITS project benefits (columns), or possible ITS options 
for a particular problem (rows). The benefits indicated in the table are by no means 
definitive. Some electronic toll projects, for example, may not save the government 
transport management costs. The maintenance and operation costs of the London 
Congestion Charging is more than the revenue obtained, despite the project achieved the 
intended aim of reducing congestion in the inner city (Ison and Rye, 2003). 
 
There is little dispute that ITS can provide benefits. There are, however, inherent risks in 
ITS deployment. Interoperability is a key issue with ad hoc deployment of ITS. In addition 
to this, Leviakangas and Lahesmaa (2002) discusses two (2) main risks with ITS 
deployment: 
• “ITS solutions are still in their infancy and have not undergone the same degree of 
technological evolution as other engineering solutions (i.e., conventional measures for 
infrastructure, tested and improved upon for decades). They therefore carry a certain 
risk related to their reliability and the impacts they have on traffic. ITS can fail and 
malfunction or may not have the desired impacts to generate the expected benefits. Few 
research results are yet available on the actual effects of ITS solutions. 
• Many ITS solutions may still not be fully accepted by motorists. Thus, ITS carries a 
customer-acceptance risk of not achieving the desired impacts.” 
Levuakangas and Lahesmaa confirm that these risks are diminishing with time. Decision-
making in ITS needs to encourage feasible solutions that take into account these inherent 
risks. 
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Congestion, accessibility and safety are growing problems in our metropolitan cities and 
ITS can be useful in alleviating these issues. There is limited knowledge of the quantitative 
impacts of ITS and the known impacts are difficult to measure (Newman-Askins, 2003). 
This means that most ITS decisions are spontaneous and conducted with limited 
information. 
 
A systemic, long-term approach for ITS asset management and decision-making is needed 
to ensure the sustainability and long-term vision of traffic (Layton et al., 2004, Dia, 2001). 
By not incorporating new technology solutions into planning and investment decisions, 
these options are therefore not encouraged and not selected for implementation. Clever 
decisions necessitate linking condition and performance information with trade-off and 
investment analyses. By doing this for ITS and traffic operations, an agency can make 
most cost-effective decision-making and embed continuous improvement. 
 
This paper discusses research in ITS decision-making and presents a proposed quantitative, 
analytical decision-making framework incorporating performance and customer and 
agency needs. The framework will be capable of prioritising the network for intervention. 
 
The paper is broken up into eight (8) chapters. This first chapter provides an introduction, 
outlining the problem and objectives of the research. The second and third chapters provide 
the reader with a summary of the literature review focusing on system dynamics, asset 
management and ITS decision-making. Chapter 4 describes the methodology and results 
from a work practices review questionnaire. Chapter 5 presents the proposed prioritisation 
methodology and finally Chapter 6 summarises the literature review results and future 
research focus.  
 
2.  SYSTEM DYNAMICS AND ASSET MANAGEMENT 
     APPROACH 
The traffic network should be thought of as a system. Abbas and Bell (1994) describe 
system dynamics applied to transportation modelling and define the basics as follows. “A 
system is a number of components integrated into a complex entity, and system analysis 
simply means the consideration of the entity rather than the separate consideration of 
individual components. The systems approach can be defined as an organised, efficient 
procedure for representing, analysing and planning complex systems. It is a 
comprehensive, problem-solving methodology that involves two (2) main steps: 
1. The rational and creative structuring of both quantitative and qualitative 
knowledge, mainly in the form of models, to represent problems; and 
2. The development of analytical techniques through which the problem can be 
analysed and solved.”  
 
Asset management is an example of organisations applying system dynamics to decision-
making. It uses a feedback control procedure (performance measurement) to adjust the 
actual state of the system to achieve a desired state (goal or target). Within an overall road 
network asset management process, there are a number of decision-making events at 
various levels of the organisation. An overall asset management cycle outlined by 
Austroads (2002) is illustrated in Figure 2-1 and the phases are described in more details 
below. 
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At the highest level, in phase 1, an organisation needs to make decisions regarding 
outcomes based on organisational and stakeholder requirements. Groups and individuals 
usually have input into an open and accountable process. 
 
In phase 2, the broad strategic targets and actions are determined based on the outcomes. 
This is done using a long-term, network-wide view. More specifically, the organisation 
determines fifteen to twenty year investment outputs, visions and targets for road use and 
infrastructure by balancing three (3) parameters: the available funding; the performance of 
the network; and the desired level of service or standard. From this network-level gap 
analysis, key areas requiring intervention can be identified and prioritised according to 
performance and need. 
 
Phase 3 involves applying the network-wide view to an area providing more specific plans 
and turning gaps or deficiencies into solutions taking into account local effects. The 
organisation then prioritises the solutions developed in phase 3 to develop a works 
program using a project-level evaluation technique in phase 4. 
 
In phase 5, the organisation delivers the works program and phase 6 involves auditing the 
work carried out. Finally, in phase 7, reviews are performed and feedback loops created 
for asset performance, infrastructure strategy and agency and stakeholder requirements. 
 
Performance-based decision-making techniques usually align with phases 2, 3 and 4 in 
Figure 2-1. Phase 2 typically involves using performance indicators to conduct a system, 
gap or deficiency analysis, while phases 3 and 4 involves using this information to develop 
a works program. These decisions produce more cost-effective and targeted solutions. 
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Figure 2-1 Overall road network asset management process flow diagram 
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3. ITS ASSET MANAGEMENT AND DECISION-MAKING 
3.1 Performance Indicators and Gap Analyses 
 
There has been a great deal of research into appropriate performance indicators for ITS and 
traffic operations and the types of measures vary widely (Austroads, 2003). Indicators 
should align with organisational triple bottom line objectives, that is economic, social and 
environmental objectives. Economic indicators are usually linked to mobility and traffic 
efficiency; the majority of social indicators are safety related; and environmental indicators 
are not as common since they are difficult to measure and could be considered a secondary 
goal related to improving traffic efficiency. 
 
Measures should provide a complete representation of road performance by covering all 
organisational objectives. The indicators must also provide meaning for the intended 
decision-making purpose. Each indicator has the following attributes. 
• A range of detail including network-wide, area or corridor, road or road section 
indicators. 
• An intended ‘user’, including road users, the organisation itself and the community as a 
whole. Each indicator may be represented for a number of users, providing a different 
perspective of road performance (Stockton et al., 2003, Cambridge Systematics Inc, 
2004, Federal Highway Administration et al., 2004). 
• Input, output or outcome indicating whether the indicator is providing information 
about the organisation’s resources, products or services, or meeting objectives 
respectively (Federal Highway Administration et al., 2004, Cambridge Systematics Inc, 
2004). 
 
Agencies should use performance indicators to prioritise needs on a network-level by 
comparing network performance against intervention levels or benchmarks. A gap or 
deficiency analyses can be used to identify large gaps between performance and standards 
and should be used to systematically manage and monitor the problem areas (Ogard et al., 
2004). The literature review found examples of gap analysis systems in physical 
infrastructure work, such as pavements and rail, but no evidence of gap analyses decision-
making for ITS and traffic operations. 
 
3.2 Benefit-Cost Analyses 
Benefit-cost analysis (BCA) is the most common form of decision-making and evaluation 
at the project-level. A great deal of research has gone into BCA for ITS projects (Booz 
Allen Hamilton, 2003, Mitretek Systems, 2003, Ove Arup & Partners, 1998). The report 
produced by Booz Allen Hamilton for VicRoads, confirms that ITS projects involve more 
intangible benefits than traditional infrastructure projects, but goes on to present BCR 
values for ITS against primary purpose. 
 
Despite this research, it is difficult to capture all ITS impacts using BCA or a economic 
approach (Hu and Shi, 2002). It is almost impossible to express all impacts in reliable and 
fully acceptable economic terms and it is difficult to integrate political drivers into the 
BCA process (Tsamboulas et al., 1999). Some criteria simply can not readily be expressed 
8 
in dollar terms, for example, impacts on access and amenity and network effects. Also, the 
conventional BCA assumes that a project only impacts the people directly affected and has 
no impact on the economy at large. Transport project improve economic growth and 
productivity (Sayeg, 2004). Multi-criteria approaches, incorporating BCA are more suited 
to evaluating ITS and traffic operation projects. Agencies are slowly transitioning to multi-
criteria analyses due to the intangible benefits and network-wide impacts produced by ITS 
deployment. 
 
3.3 Multi-Criteria Analyses 
There are a number of examples of agencies applying multi-criteria analysis (MCA) to ITS 
projects. Hu and Shi (2002) use a type of multi-criteria analysis framework called 
analytical hierarchy process (AHP) to better understand the multiple impacts of ITS. The 
AHP process enables the decision-maker to reduce complex decisions into smaller parts, 
proceeding from the goal to criteria to sub-criteria to alternative solutions. The hierarchy 
structure involves an objective level at the top, criteria levels in the middle and a scheme 
level at the bottom. Using the hierarchy model, the decision-maker(s) can then construct 
pairwise comparison matrices for each element within each level by scoring each entry in 
each matrix comparing the criteria to determine weightings. The process is transparent, 
incorporates social, political, technical and economic impacts and risk and uncertainty and 
reflects the way people process decisions. 
4. WORK PRACTICES QUESTIONNAIRE 
4.1 Questionnaire Design 
A questionnaire was designed to gain information about current practices in traffic 
operation services and ITS decision-making. More specifically, the objectives of the 
questionnaire included: 
• How do decision-making techniques within the organisation line up with overall 
transport and customer service objectives? 
• What decision-making techniques are used at different levels of the organisation, from 
the system level to the project level? 
• At the different levels of the organisation, what information is used to make decisions? 
• Does the organisation obtain funding from other organisations? If so, what decision-
making techniques are used to evaluation the need for funding? 
• Is the individual filling out the survey interested in the project and willing to provide 
further input? 
  
The questionnaire went through a number of iterations. Each iteration increased the 
likelihood of obtaining relevant information from respondents. To reduce respondent 
resistance, the questionnaire design had the following attributes: 
• ‘Mark the most appropriate box’ type questions  to make the questions simple and 
direct; 
• Open-ended questions were kept to a minimum and only used where more detailed 
responses were required; and 
• Kept as short as possible. 
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The first section of the questionnaire had general questions about the practitioner’s 
organisation while the second section queried the practitioner about how the organisation 
makes decisions based on information and data. 
4.2 Questionnaire Distribution 
The questionnaires were distributed via email to approximately 110 transport practitioners 
in Australia and overseas. Specific officers likely to be dealing with transport decision-
making activities and issues were targeted. When specific contact details were not 
available for an organisation, the questionnaire was sent to a general enquiry email address 
or a senior staff member. 
 
Email was seen as the quickest and easiest way to reach a good number of practitioners. 
Some of the recipients passed the questionnaire onto more appropriate people within the 
organisation, making it hard to gauge how widely the questionnaire was distributed. Some 
of the questionnaires were returned through the mail. I also meet with a couple of key 
people in Brisbane to discuss the issues in more detail. 
 
Fourteen (14) responses were received yielding a response rate of 13%. The low response 
rate is probably due to the time constraints and the majority of professionals targeted are 
senior officers in their organisation and therefore restricted by time. The results from the 
questionnaires received are discussed in the following section. 
4.3 Respondent Characteristics 
Question 2 of the questionnaire indicated that the majority of the respondents work for 
state government agencies. Only two (2) of the fourteen (14) respondents work for a 
federal government agency, one (1) works for local government and one (1) is involved 
teaching and research. This will skew the results towards a state level view of the decision-
making. This is acceptable since most ITS is deployed by state-level governments. 
 
The respondents’ organisations were all well distributed across planning and evaluation, 
design, construction, asset management, research and development, traffic, public transport 
and freight and logistics. A majority of the respondents were involved in planning and 
evaluation at an organisational-wide level. 
 
This research is applicable to organisations with large budgets. The results from question 5 
of the questionnaire indicate that most of the respondents worked for organisations with 
large budgets. Decision-making in large organisations is more complicated and intricate 
than smaller organisations. 
4.4 Organisational Decision-Making Attributes 
Question 6 asked the respondents to outline their organisation’s outcomes and objectives 
and the process the organisation uses to determine agency and user needs. A respondent 
from South Africa outlined a policy aimed at poverty alleviation, addressing 
unemployment and growing the economy. This would equate to different criteria for 
evaluating projects and hence different decisions, although the decision-making process 
should be similar. 
 
Decision-making techniques for various levels of the organisation were queried in question 
7 and Table 4-1 below illustrates the results. In the table, system-level decisions are large-
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scale and usually entail aggregated data, for example, resource allocation between 
divisions or geographical districts or a strategic focus such as safety. Divisional-level 
decisions are similar, but on a smaller scale. Project-level decisions are made between 
projects of the same type or projects of a different type. An organisation may have to 
decide between an infrastructure project and an ITS project. 
 
Multi-criteria analysis and performance reporting are the most common decision-making 
techniques stated, further suggesting that there has been a subtle shift away from benefit 
cost analyses. Multi-criteria analysis has a fairly even spread across the levels of an 
organisation, showing that it can be used for planning and evaluation and all levels. 
Comparing all decision-making techniques across the levels, it can be observed that most 
criteria-based assessments (i.e. benefit cost analysis and multi-criteria analysis) are used at 
project levels when more details are required (phase 4 in figure 2-1). Performance-based 
and gap analysis assessments are used more to undertake system analysis (phases 2 and 3 
in figure 2-1). Other decision-making techniques discussed include a road evaluation 
system for rural road projects and TRIPS for metropolitan projects at divisional and project 
levels in Western Australia. A number of respondents stressed that current and historical 
government commitments also play an important role in delivering projects. 
 
Table 4-1 Number of decision-making techniques stated at various levels of the organisation 
 System level Divisional 
level 
Project type 
level 
Project level 
Multi-criteria analysis ****** ******* ****** ****** 
Performance reporting ********* ****** ******** ** 
Gap or deficiency analysis  ****** ******** ****** *** 
Benefit cost analysis ***** ***** ***** ******** 
Other **** ***** *** *** 
Note: Each of the 14 respondents could state more than one technique for each level. 
 
Question 8 asked the respondents to indicate what types of information are used to make 
decisions at various levels of their organisations. The question results are displayed in 
Table 4-2. Technical information and engineering judgement are the most common types 
of information used to make decisions. The results also indicate that it is important that all 
types of information be included in decision-making. Other types of information 
respondents suggested included community and government priorities at all levels and cost 
and resource inputs at the project level. 
 
Table 4-2 Number of information types used at various levels of the organisation 
 System level Divisional level Project type 
level 
Project level 
Technical information ************* ************ ************* ************* 
Engineering judgement ********* ******** *********** *********** 
Statistical information *********** ********* ********* ******** 
Political information *********** ********** **** *** 
Other ** ** *** *** 
 
4.5 Analysis of Results 
The results from the work practices questionnaire reinforce that transportation agencies are 
using asset management techniques discussed in Section 2 to make decisions. It also 
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verifies that there has been a subtle away from BCA to MCA. This is most likely due to 
CBA limitations in representing impacts in monetary terms and the fact that MCA can be 
applied to all levels of an organisation. 
 
The results also emphasis the difficulties of finding a decision-making technique that can 
handle the vastly different types of information required in government transportation 
decision-making. Political information in decision-making was also stressed as important 
by the respondents. 
 
These results reinforce the proposed multi-criteria analysis recommended for further 
research for ITS systemic and project decision-making. 
 
5. PROPOSED METHODOLOGY 
The focus of further research on this topic needs to concentrate on developing a 
quantitative evaluation technique to aid ITS decision-making. In more detail, the purpose 
of the framework is as follows: 
• improve evaluation and prioritisation through a consistent process for gap analysis and 
program development (see figure 5-1 below); 
• resources are directed towards roads with greater need,  higher risk, and/or the 
possibility of higher returns first; 
• develop a hierarchy of roads and applications to assist in prioritisation; 
• to enhance integration and interoperability into allocation of resources; 
• incorporate customer opinions; 
• a repeatable process; 
• a holistic assessment; 
• a process based on realistic targets, budgets and timeframes; and 
• a process using network-wide, top-down approach. 
 
 
 
 
 
 
 
 
 
Figure 5-1 Research focus within asset management process 
 
To achieve this, a multi-criteria evaluation for incident management and traffic operations 
is proposed to prioritise roads on a network-level. The following steps are proposed as the 
network-level evaluation framework: 
A. Classify road by function and importance 
B. Rate road links according to classification (step A) and criteria (conditions) 
C. Determine a total rating for the road 
D. Rate all roads in the network and prioritise according to total rating 
Phase 7 
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E. Determine which roads will have further, project-level analysis by running an 
affordability check. 
 
6. CONCLUSIONS AND FUTURE RESEARCH 
Examples of comprehensive ITS decision-making frameworks that adequately incorporate 
performance and customer and agency needs were not found in the literature. The 
following gaps were identified in the methodologies reviewed: 
• Traffic benchmarks to perform gap analyses using performance measurement; 
• Recorded network-level benefits of ITS and traffic operation systems; 
• Clear relationships between outcomes, outputs and performance targets for ITS and 
traffic operations; 
• Methodologies that incorporate affordability of ITS and traffic operation performance at 
a network level; 
• Decision-making frameworks that use need as the basis for investment decisions, rather 
than historical trends; and 
• An ITS evaluation framework that takes into account economic, technical, social and 
other factors. 
For ITS to be considered as viable options for addressing transportation issues, it must be 
adequately incorporated in the overall transport decision-making and prioritisation 
methods. 
 
The model proposed in the previous section will be developed in the following manner: 
1. Determine criteria for incident management and traffic operations evaluation 
2. Determine weightings for criteria 
3. Determine groupings for AADT by type 
4. Determine threshold values and intervention levels for each criterion and each road 
classification by approximating BCR for each road classification 
5. Run model using data from pilot district in Queensland 
6. Compare outputs from model with actual ITS deployed in pilot district and conduct 
sensitivity analysis 
7. Seek feedback on results from pilot district and head office staff to verify the 
framework 
8. Review model (iterative process, for example, adjust weightings and thresholds 
according to feedback) 
 
The framework developed will be specifically for incident and traffic operations services, 
but could be expanded in the future to include other ITS and traffic operations services. 
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9. APPENDIX 
Table 9-1 List of acronyms 
BCA Benefit Cost Analysis 
BCR Benefit Cost Ratio 
ITS Intelligent Transport Systems 
MR Queensland Department of Main Roads 
PERT Program Evaluation and Review Technique 
PT Public Transport 
VKT Vehicle Kilometre Travelled 
VOC Vehicle Operating Costs 
 
 
